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CHAPTER I 
INTRODUCTION 
"The mere analysis of a sample of saliva in a test 
tube without knowing anything as to the conditions and 
rate of secretion is utterly valueless." (Pickerill, 1924) 
Reasons ~ ~ Research 
The nrecise comnosition of saliva is not constant. 
Investigators hnve reneatedly shown that the concentrations 
of calcium ions, ..,hosnhate ions, nitrogen, sodium ions, and 
other com..,onents of saliva change. These com~ositional changes 
have been shown to be r12lated to the rate of secretion of the 
saliva and to the nature of the evocative stimulus. (Becks and 
Wainwright, 1934 and 1938; Brown and Klotz, 1934 and 1937; 
Brm·m, Wright, and Limbacher, 1938; Wainwright, 1934 and 1938). 
There are two principal categories of saliva: resting 
gland sHliva (a nbasal" secretion present in the waking subject 
but not in the sleeping subject) and activated gland saliva 
(the saliva secreted at an increased rate in response to some 
stimulus). Numerous methods have been used to procur samples 
of each type. 
It is not illo~ical to ~uestion whether the method used to 
obtain the saliva sem~le might cauEe the rate of secretion to be 
altered. For exarnnle, Kerr (1Q61, p 31) has shown that the 
greater thP intra-oral disturb2nce proauced by the method used 
to collect restin~ gland saliva, the more saliva will be 
secreted in a eiven time. Activated gland saliva is usually 
1 
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obtained by havinr the subject chew a neutral substance; 
paraffin wi;x is t~e most common substE'.nce chewed. Kerr has 
also shown that tl;.e volume of the bolus and the consistency 
of the bolus influence the secretion rate of activated gland 
saliva. Ericson (1969) showed that individu~ls who manifest 
8 large response to one type of stimulus do not necessarily 
have the same response to another type of stimulus. 
Statement pf the Problem 
It is the purpose of this investigation to determine 
whether the r::-te of mEstication has any influence on the rate 
of secretion of whole activated gland saliva in the human 
subject. 
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CHAPTER II 
REVIEW OF THE LITERATURE 
Nature of Saliva 
Saliva is the colorles~ secretion of the glands of the 
oral cavity. There are three ~airs of major salivary glands 
and numerous minor salivary glands emptying into the oral 
cavity. Two types of secretions make up the whole saliva: 
serous and mucinous. Of the major salivary glands, the parotid 
glands produce purely serous saliva, the submandibular (sub-
maxillary) glands ~roduce serous with some mucinous saliva, 
and the sublingual glands nroduce primarily mucinous saliva. 
Of the minor glands, the palatine glands produce purely mucin-
ous secretions, von Ebner's glands on the dorsum of the tongue 
ne?r the vallate ~apillae uroduce pure serous secretions. 
Minor salivery glr-nds producing mixed secretions are located 
on the ventral surface of the ton~1e, near the a9ex. (Copen-
haver, lq64). 
Saliva is not Derfectly cleBr; some cloudiness is present 
because of the mucinous comnonents. 
Because it is variable, no definite composition can be 
listed for saliva. According to Afonsky (1961, pp. 40-231) 
the following chemical elements have been shown to be present 
in ionic form in saliva (listed in order of decreasing concen- l 
tration): sodium, calcium, chlorine, phosphorous (as phosphate 
notassium, mapnesium, iron (porphyrin in the pathologic con-
dition of congenital nornhyria), c0pper, cobalt, fluorine, 
3 
sulfur, and bromine. The following biological compounds can 
be found in saliva: carbohydrates (mucopolysaccharides), 
~roteins (albumin. globulin, and mucin), urea, uric acid, 
amino acids, cholesterol, creatinine, choline, histamine, 
glutathione, and adenosine trinhosphate. 
The following enzymes are present in saliva: amylase, 
phosphatase, oxidase, peroxidase, catalase, dehydrogenase, 
reductase, hexokinase, glucuronidase, hyaluronidase, col-
lagenase, sulfatase, urease, carbonic anhydrase, mucinase, 
lipase, and various proteases. 
Miscellaneous substances found in saliva include: many 
vitamins, apoerythrein (the "intrinsic factor"), hormones, 
and cellular elements: desauamated epithelial cells, leuco-
cytes, and occasional red bleed cells. In eighty per cent 
of the population the saliva contains the blood-group sub-
stances. Finally, saliva contains various microorganisms. 
Not all of these ~ubstances are secreted; many are 
products of the oral flora. 
The pH of resting gland saliva ranges from 5.5 to 7.5, 
with 6.7 as an average. The pH of activated gland saliva is 
higher by approximately 0,2 to 0.5 unit. 
The specific gr·avi ty of saliva is 1. 002 to 1. 012. 
Functions of Saliva 
The many functions of saliva have been summarized by 
Afonsky (p. 31) as follows: 
1. Cleansinr action: The flow of saliva is imnortant 
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-for washing away food particles, desquamated epithelial cells 
and so on. 
2. Moistening and lubricating action: Saliva moistens 
the soft tissues of the orel cavity, keeps them pliable, and 
prevents t~em from drying. 
3. FreseDvation of the teeth: Saliva keeps the teeth 
moist and aids in their preservation by virtue of its chemical 
composition. 
4. Solvent action: Saliva dissolves many solid foods, 
thus aiding in appreciation of the food and stimulation of 
the taste buds with resultant reflex secretion. 
5. Preparation of the food for swallowing: The food is 
altered in its consistency, moistened, lubricated, and formed 
into a plastic mass. Swallowing is practically impossible in 
the absence of saliva. 
6. Digest7_ve function: Digestion of carbohydrates begins1 
in the mouth through tI'-e action of ~mylase. 
7. Regulation of water balance: Drying of the oral mu-
cous membranes arouses the sensation of t:.--:irst. Dehydr2tion 
and loss of blood also evoke thirst. 
8. Excretory function: Many substances, such as drugs, 
metals, and alcohol, are thought to be excreted in the saliva. 
The effectivnc:ss of the exc:retory £unction of saliva may be 
questioned because much saliva is swallowed. 
9. Anti ba.cterial action: Saliva has been sho\'m to have 
several signi£icant antibacterial nroperties. 
pt 
10. Demulcent effect: It is certain that this property 
e~ists, but it has not been adequately studied. 
Determinants 9f Salivary Secretion Rate 
Pickerill (1q24) has stated that the secretion of saliva 
is a reflex nhysiologic-~.l act denending on definite stimuli 
and h8ving definite afferent and efferent paths. 
The afferent side of the arc is represented by the lingual 
and glosso~haryngeal nerves in the tongue, by their specialized 
endings in the organs of taste, and also to a lesser extent 
by the sensory branches of the fifth cranial nerve supplying 
the buccal mucous membranes and teeth. It is the function of 
these nerves under normal conditions, upon being stimulated, 
besides makin~ mastication nleasant, to cause a secretion of 
saliva which is adaryted to the stimulus which called it forth. 
Random Fluctuations in the Rate of Secretion 
----
Research by Winsor (1928) has shown that during sleep 
· there seems to be little or no flow of saliva. In the wa1dng 
individual, however, there is always a minimal flow of saliva 
called the resting glsnd saliva. This must be due to a con-
tinuous low-level stimulation. Attempts have been made to 
measure this rate and to establish some sort of a "normal" 
value for it. The principal point of agreement resulting from 1 
this research is that there is a great deal of variation in 
secretion rate of resting gland saliva. In part VII of the 
series on Human Saliva, Becks (193g) specifically studied 
restin~ gland saliva secretion rAtes of forty persons over a 
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one to two year neriod. He classified the subjects into two 
groups: one with a low secretion rate (which he called Group 
I) and the other with a high secretion rate (which he called 
Group II). The ryersons in Group I all had a resting gland 
saliva secretion rPte below 20 cc per hour (0.33 cc per minute).j 
The persons in Group II all secreted resting gland saliva at 
rates in excess of 20 cc per hour. Becks observed that the 
secretion rates of those persons in Group I had little vari-
ation, while the secretion rates of the persons in Group II 
fluctuated greatly. However, when he repeated his measure-
ments on twenty subjects on five successive days, he did not 
find these profound differences in fluctuation. That is, both 
groups fluctuated appreciably. Furthermore, when he collected 
saliva from nine individuals over a continuous 2~ hour period, 
he found th~t the individuals in Group I (low secretion r3te) 
had sreater fluctuations in secretion rRte than did the indi-
viduals in group II. 
In part VIII of this series, Waim.,rright (1939) concen-
trated on the secretion rate of activated gland s2liva. 
Preparatory to his study he F:rouped his twenty subjects into 
Group I (slow secretors of resting gland saliva) and Group II 
(fast secretors). The dividing line between Group I and 
Group II was set at 20 cc per hour. He then had each subject 
chew a piece of wex 450 times. He then measured the rate at 
which each subject produced activated gland saliva. He found 
that the sAcretion rate of Activated gl8nd saliva was hiBher i 
·n Groun II rmd that while the fluctuatinns in activated gland i 
p 
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secretion rnte of both groups were great, the fluctuations 
were grer.~er for Group II. He concluded that the degree of 
fluctuation in the r~te of secretion of activated gland saliva 
was dependent upon the rate of secretion of resting glznd 
saliva. That is, nersons with a high rate of secretion of 
restinr; e;l~nd saliva will have gre?.ter fluctu~tions in the 
rate tr_ey ~ec::-ete P.cti vated e;le.nd saliva than will persons 
who secret~ restinr gland saliva at a slower r~te. 
Becks and Wainwrir-'11t (1930) examined the effect of activa-
tion on saliv·ary secretion rci.te. They divided their subjects 
into Group I (slow secretors) ~nd Group II (fast secretors) 
on the basis of rosting gland saliva secretion rates. This 
time when they had the subjects chew one-gram pieces of wax 
450 times, the individuals of Group I had a higher percentage 
of increase in ~ecretion rate than did the individuals of 
Group II. Following its quick initial rise, the activated 
gland saliva secretion rate of Group I dropped to a level 
below that ~hich the secretion rate of Group II finally 
established. 
Hvdration of the IndividuP-1 
One of t~e most imnortant single factors determining 
saliva secretory ro.te is the state of hydrrition of the indi-
vidual. Winsor (1930) showed that salivary secretion is 
depressed in the dehydrated individual. However, de Wardener 
and Herxheimer (1957) showed that forced drinking of water 
does not seem to cause saliva to flow faster than "normal". 
8 
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Season of ~ Year; Temnerature 
Ther~ has been some (minimal) work done toward deter-
mining whether or not there is any seasonal variation in saliv 
flow. Brawley and Sedwick (1938) reported that they found 
significant seasonal variation in both resting gland saliva 
and activated gland s2liva secretion rates in children, ar,es 
three to ei~hteen years. However, they did not specify the 
nature of the vari~tions found. Wainwright and Becks renorted 
in 1046 th8t after recording restinE, gland saliva secretion 
rates of 650 ~ersons over a three-year neriod, they were 
unable to demonstrate any significant seasonal variation in 
saliva secretion rate. Louridis et-al. (1970-b) reported the 
results of recording resting a.nd activated r:land saliva from 
three subjects over the period of one year. All tests were 
made in a non-air-conditioned, unheated room whose temperature 
reflected accurately the temnerature of the ontdoor environ-
ment. During the course of the year, the temper2ture v~ried 
from eight to thirty degrees Centigrade (49-86°F). After 
classifying their data according to prevailing temperature 
at time or co~lection of the samples, they found that for 
restin~ gland saliva, the average secretion rate was higher 
when the temncrr ture ·was low tl·:.an ·when the temuer0ture was 
high. The average values of activated gland saliva showed no 
significant change with temperature. 
Emotional and Psvcholo5ical Factors 
The effects of emotional ~nd usychological factors were 
I 
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somewhat explored by Winsor in 1930. He confined his efforts 
to parotid secretion. He was able to demonstrate that various 
environmental, emotional, and reflex factors influenced the 
rate of parotid secretion. Specifically, he showed that 
fati~ue, conditions of lessened efficiency, uninterest, and 
lessened attentiveness were a~sociated with reduced salivary 
secretion rates. 
~ 
It seems to be a fairly common belief that the sight, 
the aroma, or the thought of food stimulates the secretion 
of saliva, especially in a hungry sub,ject. The work of Pavlov 
in which dogs SPlivated when they heard a bell rung--an event 
that they had been taught to associate with food about to be 
served--is very \·Jell known. However, objective experiments 
on human subjects hPve failed to demonstrate an increased 
secretion rate to be associated with the sight or thought af I 
food. Kerr ( Dp. 43-44) did a nmnber of experiments on subjects! 
thP.t had fasted for from five to sixteen hours. His efforts 
ranged from discussing foods with the subjects to preparing 
fried egr ond b~con meals ri~ht in front of the subiects. 
He renorted t~~t even though the subjects stated that their 
mouths were watering ryrofusely, he could show no significant 
increflse in saliva flow until the s·.tbject actually com:1enced 
to eat. 
Oaors 
Experiments h2ve, in fact, demonstrated an influence of 
..... 
odor on saliva secretion rate. Elsberg, et al. in 1940 tested 
the parotid response to odors. They built a device that would . 
introduce odors into a gentle stream of air which they were 
directing into the nostrils of their test subjects. They 
discovered thr-t certain substances such as citral, menthol, 
and terjentine, w~ich hc-ve a definite trigeminal nerve effect, 
caused a m~r1ced increa~e in S!'.>livary secretion. If the odors 
~ere introduced into onlv one nostril, the increased resnonse 
was confined to thPt ~ide. They also showed, however~ th~t 
other odors s:Jch RS coffee and Dhenyl ethyl alcohol had little 
demonstrable effect on secretion rate. 
GustPtor:v Stimuli 
Chauncey in 1960 investirated the effects of gustatory 
and masticatory stimuli on the parotid saliva production. 
For the gustatory stimulation he a":r;:ilied various concentra-
tions of solutions of citric acid, sodium chloride, sucrose, 
and auinine to the tongue. He found that increased secretion 
rates were associated with increased concentration and also 
with increased frequency of application of the stimuli. 
Muscular Activity 
Winsor ?nd Bayne in 1929 reported on the effects of 
muscular activity on the parotid secretion rate. They felt 
that the secretory rate of the pprotid gland is constantly 
influenced by stimulatory impulses originating in the muscles 
of mastication. They noted that an increase in tension or 
activity of the masticntory muscles is accompanied by an 
p 
increase in salivation. They implied the existance of a neura~ 
connection between the motor nerves and the secretory nerves. 
Kerr (pp. 28-29) also reported an increase in secretion rate 
with activity of the masticatory muscles. He also showed 
thAt when the muscular activity stouped, saliva flow rate 
dropped below the "normal" rate. He explained the increased 
flow during activity as due to saliva in the "dead space" of 
the p-l~mds' duct systems being mechanically soueezed out by 
the muscles. The lowering of the secretion.is, then, due to 
the relaxed duct "dead s~ace" filling up with saliva. 
Chewinr; 
Bolus Volume (Weight) 
In determining the effect of masticatory stimulus on 
secretion rate, Chauncey (1960) had his subjects chew gum 
base, paraffin, and rubber bands. He found that the secretion 
rate was related to the volume of the bolus, and was little 
affected by the chewing rate. 
Bolus Consistency 
These results of Chauncey agree closely with the results 
of exnerinents perforr'led by Kerr (n. 51). In addition to the 
relation~hip of bolus volume (weip:ht in Kerr's ex'1eriments), 
Kerr showed that the consistency of the bolus hed a significant! 
effect on the salivation rAte. He oostulated thrt the 
important factor in influencins secretion rate is the rate of 
chanse of nresr;ure on tl..,c teeth (and periodontal ligament 
pressure receDtors). Using waxes of different melting points, 
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he showed the>.t secretory response was maximal at a particular 
plasticity of the bolus, and dronped off as the bolus became 
either tougher or more yielding than optimal. 
gp.ewing Rate 
Chauncey has stated that he found little correlation 
between chewing r~te and S!?.livation rate. With respect to 
parotid saliva only, and at chewing rates between 40-80 chews I 
uer minute, Kerr CJ. 4Q) also found little correlation between i 
chewing r~te and saliva.secretion rate. Somewhat to the con-
trary ere the results obtained by Louridis et al. (1970-a). 
They samnled 154 subjects once only and samryled three indi-
viduals every third or fourth day for one year. Among their 
conclusions '··ere the following: Chewine; rates of all subjects 
ranged from 29 to 103 strokes ner :ninute. Ninety-four per 
cent of the subjects chewed within the range of 40-80 chews I 
~ 
i per minute. The chewing rates of each individual were spread 
over about a thirty-stroke-per-minute range. For chewing rates_: 
of between 40 to 80 chews ner minute, there seemed little 
variation in salivary secretion rate. However, when the 
chewing rPtes were beyond these limits, there did seem to be 
a correlation between chewing rate and saliva secretion rate. 
P:~·------------------------------------------------------, CHAPTER III 
EXPERIMENTAL PROCEDURE 
How this Study Differs from Previous Similar Studies 
- _...._ -----=,;;;. 
In previous studies of the relationship of chewing rate 
to saliva secretion rate, the subjects have been allowed to 
cbeW at any rBte they desired. The study by Louridis et al. 
showed a thirty-stroke-per-minute range in chewing rate for 
its subjects. Chewing rate was determined in one of two ways: 
1) The sub,ject was asked to chew for a particular period of 
time, the total number of chews was counted, and the chewing 
rate calculC"ted. 2) The subject was asked to chew a specific 
number of strokes; the time for this was recorded, and the 
chewing rate calculated. In either case, bearing in mind the 
natural variation in s?.livation rates, it is rather difficult 
to say whether the salivation rate varied because the chewing 
rate varied, or whether the chewing rate varied because the 
salivation rate varied. Because, as we know, resting gland 
saliva secretion rate fluctuates from day to day, it is logical] 
to assurr.e that activated gland saliva sscretion rate mie;ht 
also :fluctuate. In light of this possibility, the absence of 
data concerning the rate of flow of resting gland saliva at 
the time the measurer:Jents were made sheds further doubt on the 
validity of these .,...revious studies. 
In this study, at the beginning of each collectinc session 
the subject was a~ked to ryrovide a sam~le of resting gland 
saliva, from which the current secretion rate of resting gland 
14 
saliva was aetermined. Following this, the cbewing sample 
was taken~ Rather than allow the subject to choose his own 
chewing rate, he was re0uired to chew in time with a metronome, 
at a rate selected by the experimenter. It was felt that with 
the experimenter rather than the subject setting the chewing 
rate: the possibility of secretory rate controlling the chewing 
rate would be eliminated, and a more accurate idea of the con-
trol the chewinp rate exerts on secretory rate could be gained. 
Design, of ~ Exneriment 
Nine subjects including the author were used in this 
exueriment. All were stucents at Loyola University School 
of Dentistr~r. All were males, in their t'.·:enties, and in a 
apparent good health. Each subject was tested seven times, 
1 
with each testing session at least three days from the previou 
one. At each session the subject provided two saliYa samples: 
a resting gland samDle to serve as a control, and then a stim-
ul~ted gland sam~le. 
The method of saliva collection was patterned after that 
of Wainwright ana_ Becks (1934): The subject was seated in 
front of a bench. He rested his elbows on the bench and 
pro,~ed his head in his hands. He held his head with face 
tilted somewhat doi.,mwara so that saliva would run to the front 
of the mouth, thereby lesr->eninfi the ur~e to swallow and at 
the seme time encouraging maximum emntying of the saliva. 
The saliva w-s collected in cap,-,ed, pre-weighed bottles, I 
using a new bottle each minute for a ten-minute period. The J, 
-----------------------------.::1_5 ______________________________ ~--
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subjects were ~c::ked to swallow at the beginning of each 
Ollection ~eriod. Immediately after swallowing, the timing c -
of the collecting session began. Exactly one minute after 
swallowing, the subject would spit into the first bottle. 
A minute later, into the second bottle, and so on for the 
duration of the collection neriod. 
The bottles with the saliva samples in them were weighed 
and the volume of the saliva in cc. was determined to be 
numerically erual to the weight of the saliva in grams (the 
value of 1,00 for the s~ecific rravity of saliva was considere~ 
sufficiently accurate for the purryoses of this experiment). 
The bottles all had been numbered so that they could be 
kept in order. This allowed the minute-to-minute fluctuations 
in rate of secretion of resting gland and activated gland 
saliva to be recorded. 
There are a number of possible methods for collecting 
saliva sam0les, whether resting gland or activated gland. 
Among the most no~ular are: 1) Allowing the saliva to run 
out continuously from ~arted lips, 2) allowing the saliva to 
accu~ulate behind closed lips and then be periodic2lly spat 
out, 3) removin~ the saliva with a saliva ejector, 4) the 
duct of one of the parotid or sublingual glands may be can-
nulated, or 5) a suction cup (Lashley) may be attached over 
the opening of the ~arotid duct. 
For the following reasons it was decided that allowing 
the saliva to accumulate behind the closed lips and 
16 
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periodically be S"tJat out \\'as the most desirable method .for 
this stud.y: it ~rovided .for mec:.surement of the outT,mt from 
all the salivary glands, it was not objectionable to the 
volunteer subjects, and, finally, it was shown by Kerr to 
produce the least alteration in the rate o.f secretion of 
resting gland saliva. 
As much as possible, each subject was tested at the same 
time of day in order to minimize as much as 9ossible the 
influence of a meal just past or about to come, Since the 
subjects' environnent in the dental school is air conditioned 
and ke"9t at a neerly-conste.nt temnerature (the temperature 
varied from 22 to 23°c), the influence of temnerature on 
the saliva secretion rate was minimal. Activated gland salava 
was obtained by chewing a 1.5 gram piece of household paraffin 
wax. The uniform mass eliminated bolus volume as· a factor 
in altering the secretion rate. The wax h?d been brought to 
37°c by being kept in an incubator for a minir.ium of two hours 
before each test. This eliminated bolus consistency as a 
possible source of variation. 
The only variable that was altered .from session to session1 
' j 
was the chewing rate. Each subject chewed at six different 
rates, s;ianning the entire range of normal as reported by 
Louridis et al. It wes ~esired to hPve a twenty stroke per 
minute chewirw rate. but the metronome would not run tha.t 
slowly. The subjects did not know in ac'vance at what rate 
they would be reouired to chew at any piven session; the 
I 
rates were altered randomly. In Pddition to chewing at the 
six rates' set by the metronome, each subject had one session 
when he chewed at a rate most comfortable for him. 
18 
I 
'I' 11 
11,J 
p 
CHAPTER IV 
RESULTS AND PRESENTATION OF DATA 
The reader is asked to keep in mind that mastication is 
a complex reflex action which, although it is subject to 
conscious rr.o_di.fication, often proceeds without conscious 
attention. The test subjects renorted some difficulty in 
always chewing in time with the metronome, The slowest settin 
evoked more comment than any of the others in this respect, 
exceut for th~ very highest setting. The curious pert is that 
the slowest S"1e~d wr-is closer to most o.f the subjects' "natural" 
rate than were the higher s~eeds. 
At the hirhest s~eed some subjects complained of loss of 
co-ordin2tion, of tongue-biting, cheek-biting, end, eventually, 
of muscle pain due to .fatigue. The cheek biting complaint 
came from the author and one other subject, both of whom have 
maxillary third molars present and tipped buccally. 
Chewing at the slowest speed was surprisingly unnatural. 
Some of the subjects reported "losing traclc11 of where in the 
chewing cycle they were. The overall sensation was almost 
like not chewing at all. 
The data obtained are disnlayed grauhically on pages 22 
through 30. These granhs show the m:Lnute-to-minute salivary 
I 
flow of the nine sub,jects. The duration of each test session ! i 
is demarcated by henvy black verticel lines. Time, in minutes, I 
is shown on the horizontal axis: secretion rate, in cc. per 
minute, is plotted on the vertical axis. 
1 
i 
, 
The data are presented in order of incre~sing chewing 
rate, although such is not necessarily the order in which 
theY were collected. The natural chewing rate is placed last, 
because it was an unknown quantity. 
The· blue lines represent resting gland saliva; the red 
lines, activated gland saliva. The solid horizontal lines 
show the average secretion rate for the saliva at each par-
ticular test neriod. The dashed horizontal lines extending 
only half way across an~ Biven test period represent the 
average saliva secretion rate for that particular five-minute 
period. 
Preliminary anelv~is of the data indicated that the 
resting gland saliva secretion rates were nretty well estab-
lished after five minutes of time, but that the activated 
gland saliva secretion rates were tending to decline during 
the course of the test neriod. For this reason, the last· 
ten sessions recorded resting gland saliva for five minutes 
only and recorded activated gland saliva for fifteen minutes .• 
In these instances, the blue line representing the resting 
gland saliva secretion rate only spans five minutes on the 
graphs. Because of space limitations, the third-five-minute 
neriods of activated gland saliva collection are not plotted. 
The averar.e secretion rates of each third-five-minute period 
are plotted on the ~r~nhs as a third dashed horizontal line 
at the extreme ripht side of the trials they were recorded 
for. 
20 
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The minute-to-minute secretion rate graJhs are summarized 
in Fig. 10, page 31. This graph shows the average secretion 
rate of each ses~ion nlotted against the chewing rate used. 
on this graph, the red lines represent activated gland saliva 
secretion rates; the blue, resting gland saliva secretion 
rates, and the green, the difference between the activated 
secretion rate and the resting secretion rate. This is the 
actual change in secretion rate produced by the action o~ 
mastication. 
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Fig. 7: Saliva secretion rates for subject F. s. 
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CHAPTER V 
DISCUSSION AND ANALYSIS OF DATA 
Casual insDection of the graphs on pages 22 to 30 shows 
considerable fluctuation in rate of secretion of both resting 
gland saliva and activated gland saliva. In spite of the 
fluctuations in rate of flow of resting gland saliva, the 
overall average secretion rate is determined within the first 
five.minutes of measurement. This fact was demonstrated 
when the average secretion rates of the first and last five 
minutes of many, randomly-selected measuring periods were 
computed and comDared with the overall average secretion rate 
of the corres~onding ten-minute periods. 
However, when this analysis was ap~lied to the activated 
gland saliva secretion rates, the av&rage of the first five 
minutes of any period was most often significantly higher than 
the average of the second five minutes. Once this behaviour 
of resting and activ2ted gland secretion rates had definitely 
been shown, the samnling neriod for resting gland saliva was 
shortened fro~ ten to five minutes. At the same time, the 
sampling pP.riod for activated gland saliva was lengthened from 
ten minutes to fifteen minutes. This was done for the last 
ten trials taken. Comparing the third five minutes with the 
second five minutes indicated that the decline in activated 
gland secretion rate tends to level off late in the second five 
minutes of chewing. 
An attemnt was made to correlate the map:nitude of fluctu-
32 
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L 
ation of resting gland saliva secretion rate with the average 
rate of .secretion of resting gland saliva, in the manner of 
Becks and Wainwrip:ht. (See Table 1, page 34). In this table, 
the subjects are listed in order of decreasing average rate 
of secretion of resting gland saliva. The last column shows 
the order in which they would be listed if li.sted according 
to the amount of fluctuation in flow of resting Gland saliva. 
There is no evident relationship between the rate of secretion 
of resting gland saliva and the amount of fluctuation of 
resting gland saliva. 
Next, an attempt was made to try to uncover any relation-
ship between the rate of secretion of resting gland saliva 
and the magnitude of the fluctuations of activated gland salivai 
Because the conditions for collecting activated gland saliva 
were diff~rent each time it was collected, the range of 
fluctuation of activated gland saliva secretion rate was 
determined separately for each session of each subject (~ee 
Table 2, nage 35) rather than combining the data from all of a 
subject's sessions and com~utin0 the overall range as was done 
for the resting gland samples. A number, called "index of 
fluctuation" by the author, wns determined for each subject. 
This was a measure of how great a tendency the subjects' 
activated gland secretion rate had to fluctuate more than the 
other subjects' at any particular chewing speed. This was 
determined as follows: referring to Table 2, the range of 
fluctuation of activated gland saliva secretion rate at each 
Range of 
Ave. Secretion Fluctuation 
SUBJECT Rate of R.G.S. of R. G. s. (~) 
D.P. 0.911 cc/min 0.34 cc/min 6 
J.G.S. 0.900 cc/min 0.55 cc/min 3 
J.T. 0.880 cc/min 0.41 cc/min 4 
F .s. 0.848 cc/min 0.25 cc/min 8* 
B.S. 0.840 cc/min 0.65 cc/min 1 
L .. R. 0.783 cc/min 0.35 cc/min 5 
J.s. 0.682 cc/min 0.57 cc/min 2 
T.M. 0.525 cc/min 0.25 cc/min 8* 
L.D. 0.452 cc/min 0.30 cc/min 7 
TABLE 1: Relationship of resting gland saliva 
secretion rate to the amount of fluctuation in 
the resting glnnd saliva secretion rate. (*Tie) 
r 
CHEWING SPEED (Strokes/minute) 
SUBJ, 40 60 80 100 110 120 NR* 
L.D. 1.16 1.32 1.50 2.96 0.87 1.67 0.54 
T.M. 0.93 0.59 0.36 0.50 0.57 0.41 0.45 
D.P. 0.81 1.13 2.37 2.14 1.52 1.47 1.31 
L.R. 1.20 1.82 2.05 1.11 2.45 1.22 0.85 
J.s. 0.39 0.43 0.47 0.72 0.74 1.03 0.49 
J.G.S. 0.53 0.73 0,86 0.75 O.Ln 1.49 0.57 
F.S. o.q3 0.8? 1.15 0.72 1.36 0.94 0.46 
B.S. 2.72 3.02 2.48 2.69 2.43 1.81 0.73 
J.T. 0.39 o.so 1.21 1.46 1.80 1.55 0.82 
TABLE 2: Range of fluctuation of activated gland 
saliva secretion rate for each session of each 
subject. (All values, cc/min) *"Natural" rate. 
35 
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r chewing speed was given a value from l to 9, with 9 going to 
the highest range at that speed and 1 to the lowest range. 
Then these values were added for each subject and the total 
divided by 7, the number of trials. Thus, subject B. s., who 
had the highest fluctuation in 4 of the 7 trials, has an index 
of fluctuation of 8.3, a.nd subject T. M., who had the least 
fluctuation in 3 of the 7 trials has a fluctuation index of 
2.14. In Table 3 (page 37) the relationship of resting gland 
saliva secretion rate to activated gland fluctuation magnitude 
in shown. The subjects are listed in order of decreasing 
resting gland secretion rate. Column 3 shows the "index of 
f'luctuation 11 , Colu:-:n 4 shows the numerical rank of fluctuation 
index for activated gland saliva. No relationship is apparent 
between the rate of secretion of resting gland saliva and the 
amount of fluctuation in secretion rate of activated gland 
saliva. 
Next, an attempt was made to correlate the amount of 
fluctuation of activated gland saliva secretion rate with the 
magnitude of fluct'1ation of resting gland secretion rate. 
Except in the c2se of subject B. s., there is no strong 
evidence showing a good correlation between the degree of 
fluctuation in rate of secretion of resting gland and activated 
gland saliva. (See Table 4, page 38). 
I 
Over the ran~e of chewing rates from 40 strokes per minute 
to 100 strokes per minute there does seem to be some correlatio 
bet,..,een chewinp rate and the amount of fluctuation in the rate 1
1
. 
----~--~~------~--~------·!i------------------------------------
SUBJECT 
D.P. 
J.G.S. 
J.T. 
F.S. 
B.S. 
L.R. 
J.s. 
T.M. 
L.D. 
Ave. Secretion 
Rate of R.G.S. 
0.911 cc/min 
0.900 cc/min 
0.880 cc/min 
0.848 cc/min 
0.840 cc/min 
0.783 cc/min 
0.682 cc/min 
0.525 cc/min 
0.452 cc/min 
"Index of 
Fluctuation" 
of A. G. s. (Rank) 
6.45 3* 
3.59 7 
5.42 5 
3.85 6 
8.30 1 
7.00 2 
2.43 8 
2.14 9 
6.45 3* 
TABLE 3: Relationship of resting gland saliva 
secretion rate to the magnitude of fluctuation 
of activated gland saliva secretion rate. (*Tie) 
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Rank of Rank of 
Fluctuation Fluctuation 
SUBJECT in RGS rate in AGS rate 
-
B.S. 1 1 
J.s. 2 8 
J.G.S. 3 ? 
J .. T. 4 5 
L.R. 5 2 
D.P. 6 3* 
L.D .. ? 3* 
T.M. 8* 9 
F.S. 8* 6 
TABLE 4: Relationship of magnitude of 
fluctuation of resting ~land saliva to the 
mae;nitude of fluctuation of activated gland 
saliva. (*Tie) 
Chewing rate 
(strokes/min) 40 60 80 100 110 120 NR* 
Ave. range of 
fluctuPtion of 
A.G.s.s. rate 1.450 1.350 1.288 0.691 
(cc/min) 
TABLE 5: Relationship of the magnitude of fluctuation of 
activated gland saliva secretion rate to the rate of mastication• 
(*"Natural" Rate) 
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of secretion of activated gland saliva. As chewing speed 
increases over this range, so does the amount of fluctuation 
of secretion rate. At chewing rates in excess of 100 chews 
per minute this relationship no longer holds, however. (See 
Table 5, page 38). 
Ins~ection of the graphs of average secretion rates for 
chewing at different rates (l)age 31) shows no clear-cut 
correlation between chewing rate and secretion rate. There 
does seem to be a tendancy for secretion rates to increase 
as chewing rates increase, but the fluctuations in secretion 
rates do cloud the issue. 
However, if the mean rate of saliva secretion for all 
subjects is determined for each chewing rate, the individual 
fluctuations are removed and a definite relationship between 
chewing rate and secretion rate becomes evident. (See Table 
6, page 40 and the red line on the graph of Fig. 11, page 42). 
When, in a like manner, the mean increase in saliva 
secretion rate due to chewing was determined for each chewing 
rate, the result was similar (Green lirie in Fig. 11; also, 
Table 6). As the subjects chewed faster, the amount of saliva 
flow due to stimulation increased. 
Because there was such a marked tendancy for the secretion 
rate of activated gland saliva to decline with time, par-
ticularily at high chewing rates, the mean secretion rates for 
the second five minutes of each chewine speed were calculated. 
(See Table ?, page 41 and Fig. 12, page 42). 
~q 
Once again a 
~ 
SUBJ• CHEWING SPEED (Strokes/Minute) 
/+() 60 80 100 110 120 NR* 
AS 1.22 1.69 2.37 2.43 2.00 2.21 1.86 
L.D. RS 0.27 0.51 0.51 0.57 0.32 0.51 0.47 
0.95 1.18 1.86 1.86 1.68 1.70 1.39 
AS 0.96 0.91 0.86 0.94 0.89 0.70 0.91 
T.M. RS 0.53 0.47 0.44 0.45 0.47 0.61 0.69 
0.43 0.44 0.42 0.49 0.42 0.09 0.22 
AS l.5q 2.12 3.16 2.34 3.22 3.36 2.33 
D.P. RS 0.84 0.77 0.95 1.10 0.99 0.97 0.76 
0.75 1.35 2.21 1.24 2.23 2.39 1.57 
AS 1 .. 93 1.83 2.22 1.58 1.98 1 .. 87 1.86 
L,.R. RS 0.58 0.79 0.93 0.82 0.66 0.82 0."89 
1.35 1 .. 04 1.29 0.76 1.32 1.05 0.97 
AS 1 .. 16 0 .. 97 1 .. 14 1.78 1.86 1.55 1.60 
J.s. RS 0.55 0.53 0.60 0.59 1.10 0.61 0.79 
0.61 0.44 0.54 1.19 0.76 0.94 0.81 
AS 1.59 1.83 1.75 2.59 1.79 1.94 1.11 
J.G.S. RS 1.21 0.66 0.78 0.97 1.03 0.70 0.95 
0.38 1.17 0.97 1.62 0.76 1.24 0.16 
AS 1.62 1.68 1.86 1.70 1.80 1.61 1.35 
F.S. RS 0.73 0.70 0.95 0.95 0.93 0.93 0.72 
0.89 0.98 0 .. 91 0.75 0.87 0.68 0.63 
AS 2.28 3.18 3.20 3.82 3.74 3.78 3.14 
B.S. RS 0.49 0.54 0.82 1.10 0.91 1.14 o.s9 
1.79 2.64 2.38 2.72 2.83 2.64 2.25 
AS 1.83 1.56 1.82 1.96 2.44 2.87 2.20 
J.T. RS 0.73 0.99 1.00 0.59 0.94 0.97 0.91 
1.10 0.57 0.82 1.37 1.50 1.90 1.29 
AS 14.18 15.77 18.38 19.14 19.72 19.89 16.36 
TOTALS RS 5.93 5.96 6.QS 7.14 7.35 7.26 6.07 
8.25 9.81 11.40 12.00 12.37 12.63 9.29 
AS 1.57. 1.75 2.04 2.13 2.19 2.21 1.82 
MEANS RS 0.66 0.66 0.77 0.79 0.81 0.81 0.78 
0.92 1.09 1.26 1.30 1.37 1.40 1.03 
TABLE 6: Mean activated gland saliva, resting gland 
saliva, and the difference, determined for each chewing 
speed. (All values, cc./min) *"Hatural" rate 
Ii 
,, 
I 
40 
SUBJ. CHEWING SPEED (Strokes/minute) 
40 60 80 100 110 120 NR* 
L.D. 1.50 1.76 2.04 1.96 1.78 1.88 1.75 
T.M. 0.8'+ 0.82 0.82 0.88 0.80 0.67 0.94 
D.P. 1.59 1.92 2.81 1.99 3.02 3.60 2.05 
L.R. 1.59 1.41 1.92 1.35 1.50 1.65 1.82 
J.s. 1.1? 0.89 1.10 ·1.77 l.?l 1.28 1.58 
J.G~S. 1.59 1.86 1.64 2.37 1.68 1.87 1.19 
F.S. 1.49 1.45 1.75 1.59 1.82 1.48 1.29 B.s. 2.42 2.70 3.10 3.58 3.47 3.65 3.03 
J.T. 1.58 1.31 1.65 1.82 2.10 3.02 2.56 
TOTALS 13.?7 14.12 16.82 17.31 17.88 19.10 16.21 
MEANS 1.53 1.57 1.87 1.93 1.99 2.02 1.80 
T.ABLE 7: Activated gland saliva secretion rates 
of the second five minutes of each chewing period: 
mean rate determined for each chewing speed. 
*"Natural" rate 
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40 60 $0 IC.0 110 11.0 
Chevring rate (Strokes/Min) 
Fig. 11: Overall ?Verages 
for ten minutes' chewing 
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Fig. 12: Overall averages 
for second five minutes. 
•Activated Gland saliva secretion rate 
lilincrease in secretion rate due to stimulation 
•Resting gland saliva secretion rate 
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r correlation is found between increased chewing rate and in-
creased production of saliva. This shows that not only is 
there a ma.rked increase in saliva secretion rate when masti-
cation is initiated, which might be due to saliva being 
"milked" out of the dead space in the glandular ducts by 
increased uressure from the surrounding musculature, but 
there also is a real increase in the production of saliva. 
This increase is greater when the chewing speed is greater. 
When one reconsiders the functions of saliva, especially 
its role as a lubricant in mastication and its role in :_ 
initiating dif,estion, it does seem fitting that the body be 
able to produce saliva in proportion to the demands being 
made upon the masticatory process. 
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CHAPTER VI 
SUMMARY AND CONCLUSIONS 
A study was done to determine whether the rate at which 
a person chews influences the rate at which his salivary 
glands secrete. The study used nine dental students as test 
subjects. Each subject was tested seven times. At each test 
session a subject provided a sam7le of resting gland saliva 
for contr0l purnoses. Following that, the subject chewed 
a warmed (37°c) piece of pe.raffin, of standard mass (1.50 gm) 
for a prescribed length of time •. At each session the subject 
chewed at a ~ace directed by a metronome. This pace was 
different each time. At one session, the subject was permitted 
to chew at a rate that suited him. This rate was recorded. 
As far as possible, the variables which might influence 
the rate at which saliva is secreted were kept the same at 
all sessions. Only the chewing speed was changed. 
The conclusions of this study may be sum~arized as follows:· ~ 
1) The rate of secretion of resting gland sa1iva flue- I 
tuates from minute to minute. However, an average rate may 
be determined Bfter five minutes of recording. 
2) The r?.te of secretion of activated gland saliva 
fluctu~tes from minute to minute even though chewi.ng rate 
does not fluctuate. Upon initiation of mastication the secre-
tion rate of saliva is high, but tends to decline with time. 
A stable average rate seems to be reached after seven to ten 
44 
minutes of chewing. 
3. .The amount of fluctuation in the rate of secretion 
of resting gland saliva do not seem to be related to the rate 
of secretion of that saliva. 
4. The fluctuations in r~te of flow of activated gland 
saliva do not seem to be related to the rate of flow of 
reAting gl~nd saliva. 
5. The ranP:e of fluctuations in the re,te of flow of 
activated glEJ.nd saliva do not seem to be related to the range 
of fluctuation of resting gland saliva. 
6. There tends to be a relationship between increased 
rate of mastication and increased rate of secretion of 
activated gland saliva. Fluctuations in secretion rate during 
mastication prevent this influence from operating predictably 
in the case of the individual subject. 
?. When a number of individuals are considered together 
and their activated gland secretion rates are averaged, there 
is a definite relationship between the rate of mastication 
and the rete of secretion of mixed saliva. As the rate of 
mastication increases so does the rate of secretion of mixed 
saliva. This relationship holds for all chewing speeds studiedJ 
# 
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r Samnle Data Collection Sheet 
Subject 
Name .. 
CONTROL SAMPLE 
Bottle# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
Empty r/lt. 
Roorr: 
Date ................. . Temp . . . . . . . . . . . . . . . . 
vVt. VI I Sample 
Total 
Wt. (Vol) of Sample Osmolarity 
of combined 
samples 
~ - 10 
......................... 
------
Average cc/min.= 
C HR'~!INro 0 1' 1'/:PL'=i' at ,...,,,.,RQ~(P,..., !fl.tIN .L..i \ u ~ J.P.'. J-' ••••••••••• u .IL l JL: -·--'0 I J.V. • 
Bottle# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Empty Wt. Wt. W /Sar.:1ple V!t. (Vol) of Sample 
., .. ' ........ . 
Os molarity 
of combined 
camples 
~ - 10 
Total ........... , . , ........... . 
------
Average cc/min. 
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